Background: Patients with thoracic empyema occasionally require chest tubes for drainage. Several studies have reported that smaller chest tubes are effective and cause fewer complications. The aim of this study was to investigate the outcomes of patients with empyema who underwent drainage using a smaller-size chest tube.
varies widely and approaches differ among physicians [2] . The British Thoracic Society (BTS) recommends prompt pleural drainage for patients with frankly purulent or turbid/cloudy pleural fluid on sampling [1, 3] . Sahn, et al. asserted that the need for pleural space drainage was due to clinical factors, including prolonged pneumonia symptoms, comorbidities, failure to respond to antibiotic therapy, and the presence of anaerobic organisms [4] . Moreover, there is no consensus regarding the optimal size of drainage tubes for patients with thoracic empyema [1, 5] . Standard chest tubes (26) (27) (28) (29) (30) (31) (32) are often placed without ultrasound or CT guidance by thoracic surgeons for treating complicated parapneumonic effusion and empyema [6] . In addition, drainage tubes larger than 20 Fr have been recommended for patients presenting with thoracic empyema in Japan [7] . On the other hand, small-bore catheters (8) (9) (10) (11) (12) (13) (14) , which are utilized more frequently today, can be placed and provided good outcome under ultrasound or CT guidance [8] [9] [10] [11] [12] [13] . Moreover, Rahman, et al. suggested that in treating pleural infection, smaller, guide wire inserted chest tubes caused substantially less pain than larger, blunt dissection-inserted tubes without impairing clinical outcomes [5] . Furthermore, Light stated that the advantages of the smaller tube were that it was less painful to the patient and was easier to insert [14] . Therefore, smaller size of chest tube might be more appropriate than larger one, however, we do not determine which size should be used for patients with thoracic empyema. The aim of this study was to examine the relationship between the size of drainage tube, outcome, pain and complications in patients with thoracic empyema.
Methods

Patient characteristics
We retrospectively reviewed all patients with thoracic empyema who were admitted to the Kameda Medical Center, a 800-bed community hospital in Kamogawa City, Chiba, Japan, and the Komatsu Municipal Hospital, a 364-bed community hospital in
Background
Pleural infection was first described by Hippocrates in 500 BC [1] . Worldwide, the management of patients with pleural infection the value that demarcated the normal and abnormal ranges, whereas albumin (Alb), serum lactase dehydrogenase (LDH), sodium (Na), C-reactive protein (CRP) and LDH of pleural effusion was based on the mean value. Drainage tube sizes, which were less than 14 Fr, 16 Fr, 18 Fr, 20 Fr, 22 Fr, 24Fr, 28 Fr and 30Fr, were also divided into two categories to examine the relationship with tube size and complications. Then, to identify independent factors the incidence of complications, multivariate logistic regression analysis with several factors included significantly different items by univariate analysis. Continuous variables were analyzed using the Student's t-test for normally distributed data or the Welch's test for nonparametric data. Nominal variables were analyzed using a chi-square test. Differences were assumed to be significant when the P-value was < 0.05. All analyses were performed using SPSS for Windows version 20.00 (SPSS Inc; Chicago, IL, US). Table 1 shows the characteristics of the patients. The study sample included 51 patients, of whom the majority (n = 41; 80%) were male. The mean (± standard deviation) age was 68 ± 15 years. The most frequent symptom was fever (41%), the other symptoms were chest pain (27%), dyspnea (16%) and cough (5.9%). Hypertension (51%), cerebrovascular disease (31%), diabetes mellitus (22%), and chronic heart failure (18%) were the most prevalent underlying conditions. The CCI was 1.4 ± 1.2. The severity of empyema was shown in table 2. There were no patients in Category 1 and 2. On the other hands, Category 3 and 4 were 11, 40 patients, respectively.
Results
Patient characteristics
Chest tube outcomes
Tube size, duration of drainage, and the frequency of death and complications related to chest drainage are described for all patients in table 2. The mean chest tube size was 22 ± 3.0 Fr. Six patients (12%) died within 90 days. Three patients (5.9%) needed surgery because medical treatment could not cure. Total 31 complications were recorded. Notably suffering from pain (51%) caused by the chest tube and tube decanulation (12%) mostly occurred. Tube obstruction occurred in only one patient (2.0%). We then analysed the relationship between the duration of hospital stay and tube size using Spearmann's rank-correlation coefficient. The coefficient of correlation and P value was 0.186, 0.191, respectively. All patients received blunt dissection method and only 1 patient received on the ventral side.
Analysis of the relationship between various candidate predictors and incidence of complications
We performed univariate analysis of the relationship between incidence of complications and various candidate predictors Komatsu City, Ishikawa, Japan, from January 2009 to November 2014. Patients who received a chest tube for drainage were included. Patients with tuberculous pleuritis, malignant pleuritis, or unknown pleuritis were excluded. This study protocol was approved by the Institutional Review Board of Komatsu Municipal Hospital.
Definitions
Empyema was defined as pleural effusion exhibiting at least one of the following: 1) pleural fluid with a positive culture for bacterial infection; 2) macroscopic purulence; and 3) pH < 7.2 and clinical evidence of infection, including fever, cough, sputum, and elevated white blood cell (WBC) or C-reactive protein (CRP) [4] . Severity of empyema was categorized used by American College of Chest Physicians (ACCP) consensus statement [15] . Complications were recorded during drainage. Treatment failure was defined as death related to empyema or the need for reinsertion of a chest tube or surgical treatment. The success was defined as patients who removed drainage tube and discharged from the hospital. Deaths occurring within 90 days were also recorded.
Data collection
Clinical data were collected by review of electronic medical records. We collected the following patient data: chief complaint, especially included chest pain, age, gender, Eastern Cooperative Oncology Group (ECOG) Performance status (PS) [16] , comorbidities, laboratory findings, characteristics of pleural effusion, including gross appearance, cell count, pH, glucose, protein, LDH (lactase dehydrogenase), gram stain, and culture findings. For assessing comorbidities, we employed the Charlson Comorbidity Index (CCI) [17] , which has been validated in population-based studies for estimating mortality risk. Data related to tube thoracostomy were also recorded, including chest tube size, complications of drainage, duration of drainage, and the administration of intrapleural urokinase. The methods of insertion (Blunt dissection or Seldinger method) were researched. Chest computed tomography (CT) was researched the diameter of chest fluid and existence of multilocular fluid. Antibiotic therapy, including the type of antimicrobial and duration of treatment, was also documented.
Statistical analysis
Univariate analysis was performed the relationship between incidence of complications and various candidate predictors. Continuous variables of the factors were divided into two categories. White blood cell (WBC), hemoglobin (Hb) and hematocrit (Ht) set at All (n = 51) Age, median ± SD (years) 68 ± 15
Female sex, n (%) 10 (20) PS, mean ± SD 1.5 ± 1.5
Symptoms
Fever, n (%) 21 (41) Chest pain, n (%) 14 (27) Dyspnea, n (%) 8 (16) Cough, n (%) 3 (5.9)
Comorbidities DM, n (%) 11 (22) Dyslipidemia, n (%) 11 (22) HT, n (%) 26 ( We then discussed outcome of using smaller than 20 Fr chest tube. The outcome was defined as treatment failure. Treatment failure and death was not significantly increased. Moreover, duration of drainage and hospital admission was not extended using smaller than 20 Fr chest tube (Table 5) . Similarly, the proportion alive and not requiring surgery was described used by Kaplan-Mayer method in figure 1 . Using smaller than 20 Fr and more than 22 Fr chest tube was not significantly difference the duration of incidence of treatment failure (γ 2 = 0.24, p = 0.63).
Discussion
The present study showed that tubes more than 22 Fr caused complications included pain in patients with thoracic empyema. Furthermore, outcomes of chest drainage were similar both more than 22 Fr and smaller than 20 Fr chest tube. These results indicate that physician and surgeon should use tubes smaller than 20 Fr for the patients with thoracic empyema who receive drainage. This finding is consistent with the results of several studies. Sahn, et al. reported higher overall pain scores in patients treated with larger-size chest tubes. The authors concluded that the major advantage of small-bore (8-14 Fr) catheters was improved patient tolerance and the avoidance of major complications [4] . Similarly, Cafarotti, et al. suggested that with regard to pain and tolerability, the small-bore chest drains (12 Fr) were generally considered more comfortable by patients and induced less pain [9] . The BTS has also recommended the use of flexible small bore catheters (10-14 Fr) which appear less traumatic for insertion and more comfortable for the patient [18] . On the other hand, Inaba, et al. found that patients with trauma who were treated with small (28-32 Fr) and large (36-40 Fr) chest tubes reported similar mean VAS scores [19] . However, the lower boundary of size for the small chest tube (28-32 Fr) in this study was larger than 20 Fr. Therefore, chest tubes less 20 Fr may have reduce adverse events and less pain.
Further, the treatment success rate was 78% less than 20 Fr chest tubes in this study. Several studies have cited success rates ranging from 63% to 82% in patients with empyem [20] [21] [22] . Mandal and Thadepalli reported a 93% cure rate for patients treated by chest tube drainage alone [23] . On the other hand, the success rate was only 53% in patients treated with 24-28 Fr chest tubes in a study by Huang, et (Table 3) . Under 10 g/dL of hemoglobin and under 35% of hematocrit were significantly reduced the incidence of adverse events in patients who received chest drainage. (Table 4) . al. [24] . The success rate was low because causes of pleural effusion, examined by Huang, et al., may have included trauma, surgical intervention, esophageal diseases, and malignant diseases. Moreover, published studies have reported rates of mortality due to empyema ranging from 1% to 61% [23, [25] [26] [27] . In this study, the mortality rate at 90 days in the patients who received less than 20 Fr chest tubes was 13%, which was consistent with the findings from prior studies.
Concerning safety, the life-threatening complications of largebore chest tubes have been widely documented with incidence rates ranging from 0.2% to 6% [1, 28] . Complications include organ penetration leading to lung laceration, heart and great vessel puncture, diaphragmatic perforation, and spleen/liver injury [28] . Liu, et al. suggested that the most common complication was iatrogenic pneumothorax, which has been reported to occur at a frequency of 2.5% to 5.4% [20] . Fortunately, none of the patients in the present studies experienced these life-threatening complications. However, decannulation occurred when the chest tube was unexpectedly removed in patients who still needed drainage. In our study, decannulation was the 2nd most frequent complication (12%). A study by Horsley, et al. found that decannulation occurred in 6% of chest tube cases [21] . Patients experiencing decannulation require reinsertion of another chest tube, which increases the risk of additional life-threatening complications. Therefore, patients undergoing chest tube drainage should be monitored frequently for chest tube placement and secure pinning of the chest tube is required.
Chest tube obstruction occurred in one patient (4.3%) who had a 12 Fr chest tube in this study. In several studies, chest drain obstruction occurred in 7.5% to 12.9% of patients drained by smaller chest tubes (10-14 Fr) [9, 21, 28] . This may indicate that chest tubes smaller than 14 Fr more frequently cause obstruction as compared to larger tubes. Therefore, the BTS recommends regular flushing with 30 ml of saline every 6 hours via a three-way tap [1] . While Horsley, et al. and Cafarotti, et al. suggested that small-bore wire-guided drains (< 20F) should not be routinely used for treating empyema because small-bore wire-guided drains are less effective for resolving empyema and have limited success rates and a high propensity for blockage in other studies [9, 20] . However, chest tubes ≤ 20 Fr in our study caused less pain. Further, the success rate in this group was similar to that in the large-size chest tube group as well as the success rates cited in other studies. Therefore, we conclude that chest tubes smaller than 20 Fr are acceptable for patients with empyema.
Our study has a few limitations. First, it was a retrospective analysis of a very small population. Second, we did not use a visual analogue scale (VAS) to evaluate pain, which may have provided a more appropriate method for measuring the degree of pain. However, we could not discuss the degree of pain because use of a VAS was not indicated in our medical records. Third, several studies as well as the BTS guidelines have recommended the use of 10-14 Fr chest tubes in patients with empyema, whereas the chest tube sizes examined in our study were comparatively larger. To validate our findings, further prospective large-scale studies are required in order to determine the most appropriate chest tube size.
Conclusions
Chest tubes smaller than 20 Fr may reduce complications included pain in patients with thoracic empyema. Furthermore, outcomes of chest drainage were similar both more than 20 Fr and less 20 Fr chest tube. These results indicate that physician and surgeon might use tubes less 20 Fr for the patients with thoracic empyema who receive drainage. However, this study was a retrospective analysis of a very small population. Therefore, further prospective studies examining various chest tube sizes are required.
